According to the nova model from Yaron et al. (2005) and José & Hernanz (1998) 
clearly contribute to the chemical element evolution of the Galaxy (Starrfield et al. 1997; Timmes et al. 1997; José & Hernanz 1998; Gehrz et al. 1998; Hix 2001; José et al. 2006) . Such nuclei are difficult to form in other astrophysical hosts.
Nova outbursts are the results of thermonuclear runaways (TNRs) of hydrogen on the surfaces of white dwarfs (WDs) components of Cataclysmic Variable (CV) systems. The companions in close binary systems expand beyond their Roche lobes and pass matter via the inner Lagrangian point, leading to the formation of a accretion disk around the WD (Starrfield et al. 1972; Gehrz et al. 1998; Bode & Evans 2008) . Subsequently, accumulation of the hydrogen-rich envelope on the WD continues until the critical explosive conditions are achieved because of compressional heating and energy release from nuclear reaction at the base of the accreted envelope and a TNR ensues, leading to a violent explosion of materials (José et al. 2006; Starrfield 2008 ). Both observational and theoretical studies of the consequences of the TNR strongly suggest that, at some point, the matter from the underlying WD is mixed with the accreted matter, and this mixing is heated and compressed, leading eventually to inject plentiful materials nuclear-processed by explosive hydrogen-rich burning nucleosynthesis into the ISM, but when and how the mixture occurs is still debated. Neither the mechanism responsible for the mixing nor the phase of the outburst in which the mixing occurs is universally accepted (Gehrz et al. 1998; Yaron et al. 2005; Starrfield 2008; Shara et al. 2010) . The influence of the chemical abundances in nova ejecta on the ISM is generally global. Therefore, we concentrate specifically on the gas-phase chemical anomalies by novae that may have been contributed to the ISM of the Galactic.
In short, analyzing the enrichments of chemical elements in the ejected materials are the key factors for understanding the chemical evolution of galaxy and are very interested and excited. A series of observational data and theoretical works of novae have been published, and they show important overproduction of several nuclides, such as 13 C, 15 N and 17 O (Starrfield et al. 1972; Sparks et al. 1976; Prialnik 1986; Politano et al. 1995; Kovetz & Prialnik 1997; Starrfield et al. 1997; José & Hernanz 1997; Timmes et al. 1997) . Particularly, Galactic 15 N and 17 O have been highly supported as being produced during nova eruptions (Woosley 1997) , and for the production of 13 C isotopes, a low value for the ratio 12 C/ 13 C = 5 was reported by Pavlenko et al. (2004) in V4334 Sgr. Schild et al. (1992) reported the chemical abundances of the ejected materials in several novae. Downen et al. (2012) and Downen et al. (2013) showed how useful the elemental abundances are for constraining the peak temperature achieved during the CN outbursts. In particular, Kovetz & Prialnik (1997) , José & Hernanz (1998) and Yaron et al. (2005) carried out detailed numerical simulations for the chemical abundances of the novae with carbon-oxygen (CO) WD or oxygen-neon-magnesium (ONeMg) WD accretors. This makes it possible to simulate the elemental abundances of the ejecta by Mente Carlo technology.
Of particular important to the study, in this paper, is that the abundances of the chemical elements in nova ejecta and their contributions to the ISM are carried out via a population synthesis method. In the next section, we present the model that are used for the reported calculations in this paper. In the following section, we describe the Monte Carlo simulation technique. In Section 4, we show the results of our new calculations and discussion, and in Section 5, we continue with a summary of the results.
Nova model and input physics
The rapid binary star evolution (BSE) code (Hurley et al. 2002) is employed here for the simulation of binary evolutions. Below, we mention the updated model used in our code.
Nova model
Following the work described in Yaron et al. (2005) and José & Hernanz (1998) , a updated nova evolution code is developed in some details to analyze the behaviors of nova explosions from the onset of accretion up to ejection stages. It is multiple nova evolution model that the different characteristics of nova eruptions can be produced by controlling three basic independent parameters : the WD mass, the temperature of its isothermal core and the mass accretion rate from the companion. In addition, we assume that the material being accreted from the donor star is of Solar composition (Anders & Grevesse 1989) , and that it has already mixed with the core materials, such that the actual accreting ingredients is approximately 50% solar and 50% WD material for all the models in this study (Politano et al. 1995) .
Novae phenomena are produced by TNRs on the surfaces of WDs accreting hydrogen matter in the close binary systems. The range of possible mass accretion rates is very wide. The declining phase after a thermonuclear eruption for rates lower than 5.0 × 10
The efficiency of mass accumulation by a WD can never be 100%. Firstly, it strongly relys on the strength of novae; secondly, even steady burning WDs blow stellar wind. In present paper, we accept the prescription of Lü et al. (2006) . The strength of a nova outburst depends on the mass and mass accretion rate of the WD. According to Yaron et al. (2005) , novae are roughly separated into strong novae and weak novae via the mass accretion rateṀ ws (in M ⊙ yr −1 )
which is given by Lü et al. (2006) . For weak novae, mass-accretion rates are between a critical ratė M ws and 1.03 × 10 −7 M ⊙ yr −1 ; and for strong novae, mass-accretion rates are lower thanṀ ws , a large proportion of the accreted materials are blown away and even in some case an erosion of the WD occurs for strong novae (Prialnik & Kovetz 1995; Yaron et al. 2005 ).
Chemical abundances
Before describing our simulations, we summarize all the investigated abundances which have observed in nova shells. Compilations of CN abundances (expressed as the mass fractions) can be found, for example, in Livio & Truran (1994) , Starrfield et al. (1997) , Gehrz et al. (1998 ), Wanajo et al. (1999 and Downen et al. (2013) . Novae with WD accretors eject materials into the ISM. A detailed study on the chemical abundances of novae had been showed by Kovetz & Prialnik (1997) and José & Hernanz (1998) during the thermonuclear outbursts. In this paper, we present the elemental abundances of the ejected materials during the thermonuclear outbursts.
CNe may be the only objects to observe directly all aspects in ejecta on a regular basis, which can provide significant information of the evolution and characteristics of the observed systems. The
CNe last several days or weeks and the variation of their visual magnitudes range from -5 to -10.
Based on a number of typical observations, nova events are usually divided into two fundamentally different types in the light of the composition of progenitor stars: CO and ONeMg novae (Bode 1989; Gehrz 1995; José & Hernanz 1998) .
Numerical calculations of the nova explosions have been performed by Shara et al. (1993) , Kovetz & Prialnik (1994) , Prialnik & Kovetz (1995) and Yaron et al. (2005) . Kovetz & Prialnik (1997) carried out detailed multicycle calculations of the nova eruptions for CO WDs with masses ranging from 0.65 to 1.4 M ⊙ . In their work, the element abundances of nova ejecta rely on four independent and basic parameters: the mass accretion rateṀ WD , the WD mass M WD , its core temperature T WD and the C/O ratio of the accreting WD. In order to confirm the effect of the WD composition on the abundances of nova ejecta, Kovetz & Prialnik (1997) calculated the nova models with WD accretors consisted of pure C, pure O and C/O=1, and they found the WD composition is not reflected in the abundances of the ejecta. Furthermore, according to the work of Iben & Tutukov (1985) , the AGB phase may be suppressed in a close binary system and a formed WD should have a ratio very close to unity in an extensive study of close binary evolution. Yaron et al. (2005) and 10 models in Kovetz & Prialnik (1997) ( see Table 1 and Table 2, where Z ej is the total heavy element of ejecta.), respectively, in which T WD = 3 × 10 7 K and C/O ratio of the accreting WD is 1. Their abundances are determined by the mass-accretion rateṀ WD and the mass M WD . By a bilinear interpolation (Press et al. 1992 ) of 10 models in Kovetz & Prialnik (1997) and 26 models in Yaron et al. (2005) The abundances of 20 Ne and 22 Ne can not be found in Kovetz & Prialnik (1997) . José & Hernanz (1998) gave the nucleosynthesis in the nova eruptions with CO and ONeMg WD accretors.
In their work, the nova outbursts are affected by M WD ,Ṁ WD , the initial luminosity (or T WD ), and the mixing level between core and envelope. In order to verify the influence of the WD mass, they followed a series of simulations involving CO WDs (M WD =0.8, 1. Lü et al. (2008) to calculate their abundances for CO novae, which selected the three nova models (the mixing level is 50%) in José & Hernanz (1998) ( see Table   3 ). In the above fitting formulaes, the fractions of 20 Ne and 22 Ne depend weakly on M WD .
For the ONeMg novae, Lü et al. (2008) and the heavy element (Z ej ) of ejecta in CO nova model (Yaron et al. 2005) , in which T WD = 3 × 10 7 K and C/O ratio of the accreting WD is 1. fitting data in José & Hernanz (1998) in which the mixing level of the selected models is 50%, and the formulaes agree with the simulated results to within a factor of 1.3. We ignore other chemical elements on account of their abundances smaller than the above element abundances or their isotopes.
All elemental abundances in the ejecta are renormalized and their sum is 1.0.
Basic parameters of the Monte Carlo simulation
Population synthesis is to evolve large numbers of stars in order to investigate and understand statistical properties of stars. Here, for purpose of investigating the Galactic occurrence rate of novae and the contribution of chemical abundances in nova ejecta to the ISM of the Galaxy, we perform a Monte
Carlo simulation for a sample of 10 6 binary systems. For the population synthesis of binary systems, the main input model parameters require the star formation rate (SFR), the initial mass function (IMF) of the primaries, the initial mass ratio distribution of binaries, the distribution of initial orbital separations, the eccentricity distribution and the metallicity Z of the binary systems.
(1) The SFR is taken to be constant over the last 13 Gyr.
(2) A simple approximation to the IMF of Miller & Scalo (1979) is used; the primary mass is generated with the formula of Eggleton et al. (1989) :
where X is a random number uniformly distributed between 0 and 1. The adopted masses of primaries are more than 0.8 M ⊙ .
(3) The mass ratio distribution is quite controversial. We mainly take a constant mass ratio distribution (Mazeh et al. 1992; Goldberg & Mazeh 1994) ,
where q = M 2 /M 1 .
(4) The distribution of orbital separations is given by log a = 5X + 1 , where X is a random variable uniformly distributed in the range [0,1] and a is in R ⊙ (Yungelson et al. 1993; Lü et al. 2006 ).
(5) The metallicity Z is 0.02 of Population I (Iben 1966; Kippenhahn & Weigert 1990) , and all binary systems have initially circular orbits.
We follow the evolutions of both components with the rapid BSE code including the effect of tides on binary evolution (Hurley et al. 2002) . This code contains many characteristics of binaries, that is, mass transfer, mass accretion, common-envelope evolution, collisions, supernova kicks and angular momentum loss mechanism, etc. Another model parameters in the population synthesis are common envelope (CE) ejection efficiency α CE and the binding energy factor λ for CE evolution. The CE ejection efficiency α CE is the fraction of the released orbital energy used to overcome the binding energy of the envelope during the spiral-in process of a CE. It is probably not a constant (Regős & Tout 1995) , but generally a typical value for the parameter α CE is 1.0, that is, all the released orbital energy are transferred to the envelope to overcome its binding energy. The parameter λ, which is used in calculations of the envelope binding energy for giants in CE, is taken as 0.5 (Hurley et al. 2002) .
In this work, if we do not particularly mention for input parameter, it is taken as the default value in Hurley et al. (2002) .
Results and discussions
We construct model to analyze the final abundances of the chemical elements in nova ejecta. We also present the final isotopic abundances ratios.
Galactic occurrence rate of novae
In order to investigate the significant occurrence rate and properties of novae, we follow the evolutions of 10 6 initial binary systems for simulation via a Monte Carlo simulation method. Meanwhile, we support that a binary with its primary more massive than 0.8 M ⊙ is formed annually in the Galaxy (Phillips 1989; Yungelson et al. 1994; Han & Podsiadlowski 2004; Zhang et al. 2005 ). For simulations with 10 6 binaries in our work, the statistical error of the numbers of nova outbursts is less than 1%.
Thus, 10 6 initial binaries seem to be an acceptable sample for our study.
Theoretical studies indicate that the average mass returned by a CN explosion to the ISM is ∼ 2 × 10 −4 M ⊙ yr −1 (Gehrz et al. 1998 ). Based on observational data, Shafter (1997) of the processed material into the ISM. In our simulation, the occurrence rate of CN explosions is about 54 yr −1 . It is larger than the observations because not all novae can be observed. And the In this paper, all of the observed results are from Livio & Truran (1994) , Prialnik & Kovetz (1997) , Prialnik & Kovetz (1998) , Starrfield et al. (1997) , Gehrz et al. (1998) and Downen et al. (2013) .
average ejected mass per event is ∼ 5.0 × 10 −5 M ⊙ , the total amount of the ejecta is ∼ 2.7 × 10 −3
M ⊙ yr −1 . Our result is close to the observational value.
CNO abundances
We calculate the chemical abundances of C, N and O elements in the nova ejecta. However, it is very difficult to directly measure their abundances. Observationally, the chemical abundance ratios can be observed. Vogel & Nussbaumer (1992) We consider that there are the following reasons: First, the nova model used in this work is too rough, especially, the formula fitted by Lü et al. (2008) and the data in Kovetz & Prialnik (1997) are not suitable for all mass-accretion rates. Second, there are very errors in measuring the chemical abundance ratios of CNe. As Downen et al. (2013) mentioned, the values observed by different authors, for identical nova, are pretty different. Sometimes, these different may come from different authors.
Therefore, not only observationally but also theoretically, our understanding for novae is very poor. Obviously, the distributions of values measured are much wider than those calculated. As the last paragraph discussed, large observational errors and rough theoretical models can result in this mismatch.
Isotopic ratios of CNO
CNe are the major sources of the isotopes 13 C, 15 N and 17 O (Starrfield et al. 1997) . Following Anders & Zinner (1993) , we also calculate the distributions of isotopic abundance ratios in novae. Figure 4 displays the isotopic abundances ratios of log 14 N/ 15 N vs. log 12 C/ 13 C in nova ejecta. The distributions cut into two regions. The top region represents novae with CO WD accretors, and the bottom region represents novae with ONeMg WD accretors, respectively. Using a grid of evolutionary sequences of stars, Halabi & Eid (2015) calculated the isotopic abundances ratios of log 14 N/ 15 N vs. log 12 C/ 13 C of some red giants, which are plotted by the triangles in Figure 4 . It is evident that 12 C/ 13 C in nova ejects in AGB in ElEid (1994) and in Smith & Lambert (1990) , respectively. We use the same notations as in Figure 4 , the filled star is the abundance of the solar (Anders & Grevesse 1989) .
is much lower than that in red giant. That is, compared to red giants, novae can efficiently produce 13 C. Similarly, novae with ONeMg WD can produce more efficiently 14 N.
ElEid (1994) summarized the observed values of isotopic abundance ratios of C, N and O of 13 red giants. Using near-infrared and infrared spectra, Smith & Lambert (1990) estimated the isotopic abundance ratios of C, N and O for red giants. These values are plotted by the filled squares and the filled triangles in Figure 5 , respectively. Obviously, compared to red giants, novae can efficiently produce 17 O. 15 N 1.4 × 10 −9 9.3 × 10 −9 1.1 × 10 −8
16 O 6.8 × 10 −6 6.0 × 10 −8 6.9 × 10 −6
17 O 2.7 × 10 −7 1.2 × 10 −8 2.8 × 10 −7 20 Ne 5.9 × 10 −8 7.8 × 10 −8 1.4 × 10 −7
22 Ne 3.6 × 10 −7 8.1 × 10 −10 3.6 × 10 −7
The contribution of chemical abundances to the ISM
As the last section discussed, novae can efficiently produce isotopic C, N and O. We calculate annually contribution of isotopic C, N and O ,as well as the other isotopes, from novae to the ISM of the Galaxy, which are listed in Table 4 . The first column gives the compositions in nova ejecta, column 2, column 3 and column 4 provide the annually average ejected masses of isotopes for CO novae, ONeMg novae and all of novae, respectively. Hence, the average ejected mass of 13 C by novae is 3.2 × 10 
Conclusions
The theoretical models of novae have been investigated by Yaron et al. (2005) and José & Hernanz (1998) . According to their models and using population synthesis technology, we estimate that the occurrence rate of CNe in the Galaxy is about 54 yr −1 , and the ejected mass by CNe is about 2.7 × 10 −3 M ⊙ yr −1 . The contributions of C, N and O elements to the ISM in the Galaxy are about 9.1 × 10 −7 , 7.3×10 −6 and 7.1×10 −6 M ⊙ yr −1 , respectively. However, in the ejecta, the isotopic ratios of C, N and O are higher about one order of magnitude than those in red giants. Although the contribution of the ejecta produced by novae to the ISM is very little, about 10%, 5% and 20% of 13 C, 15 N and 17 O in the ISM of the Galaxy come from nova ejecta. They are also required for understanding the CNO isotope evolution and fairly essential and meaningful. Unfortunately, our nova model is too simple to explain chemical abundances observed in CNe, this means that there is still a long way to go in terms of understanding novae.
